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Abetroot 

It is now well-known that phenomena in the neighborhood af the oritioal 
point are not ae simple aa would be antloipatod from a theory of the 
tan dor Weals type.    In particular* the question has been raised as to 
whether the top of the ooexietenoe outre (solubility OUSTS in a binary 
liquid system) should hate a flat horlsontal portion* and as to mhether 
there is a portion of the one-phase homogeneous region where the fugaoity 
la independent of oonoentration.    in attempt has been made to answer 
these questions for tho oyolohezane-anillne system by measuring the 
ooexistenoe ourve* and by comparing the vapor pressures of mixtures 
of different oomposltion* just above the oritioal temperature* by use 
of a differential manomster.   Extreme purifioation of the materials 
has beea found to be Tory neoessary.    The data are believed to ahow 
that the top of ths ooexistenoe OUSTS is flat.   Within the limits of 
experimental error* there is no region above the oritioal temperature 
whers the fugaoity is independent of oonoentration. 
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*It has been realised for a considerable period of tin that tho phenomena 

1*1 ioh ooour 1B tho immediate neighborhood of tho oritioal point of a one-com- 

ponent system nr* not as simple oo Right bo anticipated from tho TOO dor Wtolo 

theory or similar theories of tho equation-of-state,    though o number of expori- 

noatoro hod early pointed out ioa of tho "anomalies", attention was soot for- 

oibly dirootod to them by tho statlstloai thoory of dusters ao developed by 

Mayor and Harrison'1*2'.    These authora eonoluded that tho liquid-vapor ooexis- 

tonoo ourro in tho p-V (pressure-volume) diagram, ao dotornlnod by tho obeer- 

nation of tho msnisous, should have a flat horizontal oootion at tho top* Snotoad 

of being roughly parabolio ao prodiotod by TOO dor Waala.    Ihuo inotoad of a 

oinglo oritioal volume, thero will bo a range of oritioal volumes.    There will 

bo on isotherm baring a portion whioh ooinoidoo with the horisontal part of tho 

ooexlotsnoo ourro i the temperature of this ioothom will bo dooignatod ao T0, 

Partly from theoretical oonoidorationo and partly f**om intuition Mayor and 

Harrison inferred further that even for temperatures somewhat greater than T0 

the isotherms would have a horiiontalportion, in spite of the foot that tho 

ordinary typo of condensation with formation of a visible nonlsouo eould not bo 

observed at these temptratures.    These isotherms, however* would not have tho 

discontinuities in slope whioh normally ooour whore the isotherm oroesee the 

ooexistenoo curve, but the portions with soro slope would be approached emoothly. 

They considered the lajt isotherm (highi*t temperature) for whioh a portion with 

aero slope ooours to bo the true oritioal isothormj this temperature we shall 

oall V* 

More reoently Rioe * *     has developed a thermodynamio thoory based on a 

consideration of the aotual physioal olusters of molecules (as contreated to 

the mathematical olustors of Meyer and Harrison) whioh will form when a vapor is 

compressed.    The oritioal temperature, T0, is defined as ths temperature at whioh 

the surfaee tercel on vanishes, a meniscus presumably not being visible above thia 
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tenperature.    Bslow T0 the oluster* trill* at a oertain pressure, tend suddenly to 

bo infinitely largo in site, thus giving ordinary condensation.    But at *0, in- 

stead of a oonpeot liquid* a larf* spongy aass will bo gradually fcraod*    lho 

•urfaoo tension being toro it will not rotiet ooapresslon,    Thus tho orltloal 

isotherm in thio theory, also, should have a finite horisontal portion, and in 

agreement with Mayer and Harriion tho coexistence ourre should bo flat at tho 

top.   However, if tho ourfaoe ten•ion beooaes negative above fQ (and arguments 

in favor of thio woro given), tho opongy ooaleaood olustor will then reoiot 

oeapreesion*    Thus all isotherms above TQ are oxpootod to have a finite elope. 

Aooording to the theory of Rioe there io only ore oharaoterietio toaperature, 

T0.    Aooording to Meyer and Harriion there are two, T0 and te'» and it would bo 

a aoat unexpeoted ooinoidenoe if theee two oolnoidod.   However, Zimm'6' has 

reoently suggested that the integrals which ooour in Mayor and Harrison's theory 

aay bo consistent with the vanishing of all derivatives of p with roepeot to 

V, without discontinuities in any of the derivatives, at one single point in the 

p-V plans.    This would be the oritioal point and To and T0' would oolnoido.    Tho 

ooexistenoe ourre would be rounded at the top, but it would not bo parabollo, 

as in van dor Haale theory, where only ( d p/ d V)f and (hH/d V2)j vanish at 

a single point without discontinuities. 

Despite a nuaber of experiments intended to elucidate tho questions raised 

by the abote theories,  the natter oannot be said to be settled.    Observations 

of the aenisous in tho oritioal region have led sons suthors to believe that the 

top of the ooexistenoe ourre is flat.   1   For a discussion end references, sse (5/ • 

Reoent work, however, has tended to show that the effeot of gravity nay be of 

importanoe in this phenomenon -  \ eo that soas of the results whioh lead to this 

oonolusion aay be spurious, though stirring of agitation should tsnd to minimize 

thie effeot* 
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Th« question as to the shape of tho Isotherms In tht oritioel region is 

also unsettled^5', and hero* too* (rarity nay hart an influence ^ ', 

However, even the moat elementary observations show that the van der Weals 

type of theory ia in need of substantial modifioation.    Guggenheim'9) has ool- 

leoted a large amount of data on the ooexietenoe QUITS from the literature* 

and has shown that the ooexistenoe ourve cannot be even approximately parabolic 

It appears to be a curve of the third-degree rather then of the second degree. 

Such a ourve is very nearly flat on the top, and it may be expeoted that it will 

be exceedingly diffioult to eVoide experimentally whether there is aotually a 

finite horisontal portion* 

Any situation which oan arise in a one-component system oould have its 

counterpart in the behavior of a binary liquid system in the neighborhood of 

its oonsolute or critioal solution temperature* and very similar theoretical 

considerations oan be applied*4*10',   Usually somewhat different methods of 

plotting are ueed.    Thus the ooexietenoe ourve ie plotted in a diagram of tem- 

perature vs. oonoentration.    In such a diagram we may still ask whether there 

is a finite horisontal portion at the critical temperature.    And we may ask 

whether there is a range of concentratione and temperatures just above the 

oritioal temperature (or below If it is a lower oonsolute temperature), that ie, 

in the homogeneous one-phase region of oomplete mutual solubility, where tho 

fugaoity of eaoh component at a given temperature is independent of oonoentration. 

Experimental answers to theee questions ars oertalnly not unequivocally 

provided in the literature   [for references and summary eee (4)1.    From the data 

given in the Landolt-Bornstein Tables one gets the impression that more aoourate 

data might show many of the ooexietenoe curves to have flat tops.    Some of the 

more aoourate data do appear to indioate a flat horisontal portion, notably in 

the systems phenol-water, aoetio hydride-eyolohexane, aoetone-oarbon disulfide, 

methyl acetate-carbon dieulfide  (in the latter two the flat portion is unusually 
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long), and a number of organ lo mixturea studied by Woodburn, Smith, and Tetowsky. 

On ttia other hand, the ooexistenoe curves for tha ayitana aoatio anhydrlde- 

oarbon diaulfida and perfluoromethyloyolohexane-oarbon tetraohioride appaar to 

ba rounded at the top*    The ooexiit«noe ourvee for liquid palra show a freat 

rariety of forms* and they my well differ in this respect,    However, it ia to 

be noted that liquid systems are extremely sensitive to minute quantities of 

impurities, and it seama probable that thete ar« more likely to make a outre 

with a flat top aeem rounded then the reverie. 

There are no data whioh oan ba uaad to oaloulata fugaoitiaa in the orltloal 

region whioh are of suffioient aoouraoy exoept thoee of Simm"1' on the perfluoro- 

methyl oyolohexane-oarbon tetraohioride ayatom, obtained from measurement! of 

.light scattering,    these lndioate that in this system there is no portion of 

the homogeneous region where the fugaoitiaa are independent of oonoentration* 

Despite their sensitivity to impurities,    binary liquid systems offer oer- 

tain advantages for this type of investigation.    Effeota of gravity will be 

praotioally   negligible,  sinoe dlreot effeots of pressure of the order of magni- 

tude involved will not be appreoiable.    Only if gravity eould oauss oonoentration 

gradients oould it ba of importanoa, but gravity-oaused oonoentration gradients 

are always small and oan be praotioally eliminated by stirring.    Also liquid 

pairs with convenient oritioal temperatures oan be found and it is unnecessary 

to work at elevated pressures* 

The cyolohexane-aniline system, measurements of whioh we will report here, 

has a very oonvenient oritioal temperature  (values ranging from 50,2 to 31«3*C 

have been reported in the literature'*2}),    *t further has the advantage that 

most of the vapor pressure is due to oyolohexane and so a measurement of the 

total vapor pressure gives approximately the fugaoity of one of its oomponants. 

If both components had oomparable vapor pressures sn Increase in the partial 

vapor pressure of one of them with oonoentration oould well be almost oompensatod 
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by a deoreass is the partial pressure of the other, thut masking ohangee la 

tilt fugaoity, and making uae of the total Tapor pre a sure at a meaaure of fugaoity 

impracticable* 

Apparatut and Materlalt 

Purification of Materials.    In view of tha eenaitivity of binary liquid 
aytttmt to impurities, groat prtoautionc were takon in tho purifioatioa of our 
mats rial a.    Tha aniline uaed mat a tpaoial samp Is, kindly supplied by Dr. A. ?. 
Sohramm of National Anilint Division of Allied Chtmioal and Dye Corporation of 
Buffalo* New York.    Thit anilina wat first plaoad in 600-ml. ground*stopper 
Erlenmtytr flaaka (about 800 ml. anilina par flask) each oontaiaiag epproxi- 
mataly 60 gram of IGB pellets (Merck, raagant grade)«    Tht flaskt wort ttortd 
in a dark oupboard for about two weeka and thoroughly thakan aeveral tint a each 
day.    Thit anilina wat than dittilltd from tino dutt (Ktrok, raagant gradt) at 
atmosphtrio pressure, rsjeoting tht first few millillttrt and leaving a faw 
millilittrs residue.    Tht tampla wat next dittilltd three timet from tino dust 
at 6 mm. Hg pressure.    A vaouum-jaoketed oolum, 1.5 x 90 on., paoktd with glass 
helices, reflux ratio about 8 to 1, wat uttd for reotifioatlca.    The middle out 
of approximately 76£ wat savedi dry nitrogen was blsd into the reoeiver prior 
to its removal from the distillation apparatut.    Tht anilint wat then freot Lao ally 
orystallittd twioe.    The top of the oold trap was kept in an atmotphtrt of dry 
nitrogen , and reduoing adapters were used so that the site of the opening was 
large enough only for the ttirrlng rod.    Tht free slog mixture wat dry ioe-aoetcne, 
end the frosting period wee approximately six to eight hours, with frequent 
stirring.    After approximately 90£ of tha aniline had been frosen, the top 10£ 
was removed by suotien.    Tha top portion of the remaining aniline was than malted 
and that portion removed.    The aril ins wat fractional   » dittilltd onoe more* 
The samples were stored in small glass-stoppered flasks in a dark oupboard in a 
nitrogen atmosphere.    Several months elapsed before the final runs wart made and 
during thit period the aniline had taken on a vary slight oolor, to it was again 
fractionally dittilltd from tino dust and finally from ignited CaO.    The usual 
precautions to keep out oxygen and moisture were observed.    The malting point 
showed no discernible range when eheoktd with a Baokmann wneraoneter. 

Tht oyolohexane waa obtained from the National Bureau of Standards, temple 
B09a-26) impurity mole peroent 0,010 ± 0.006.    It waa opened in an atmosphere 
of dry nitrogen and kept in oloaed sample tubes.    No attempt waa made to purify 
the sample ae it waa believed that it already had the highest purity obtainable. 

The Sample Tubes.    It was st firat hoped that we oould Introduce mixtures 
of two different known oonoentrations into two tubes which were oonneoted through 
a sensitive differential manomater.    Thus minute differsnoes in vapor pressure 
between the two mixtures oould be measured, and it oould be determined whether 
there waa any range above the eritioal temperature where the difference in vapor 
pressure between two tuoh mixtures would vanish.    At the same time the point 
on the ooexietenoe ourve oould be determined.    These early attempts were unsuc- 
cessful.    This may have been because it was neoessary to use atopoock greaae in 
the apparatus.    Also some moisture may have been present, in spite of the fact 
that all transfers of liquid were oarried out in an atmosphere of dry nitrogen. 
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It was finally deoided to make up mixtures of varying compositions In 
separate tubee, in which the transition temperatures from two-phase to one-phaee 
mixtures oould bo observed*   Afterward oortala ptin oould bo attached to dif- 
forontlal aeaeastoro and proaottro difforonooo waiurtd,   lho apparatus uiid la 
shown in Pig* 1«   lho portion to tho right of 0 is tho sanplo tube.   A aagnotio 
stlrror was plaood at tho bottom of this tabs.   It oonslstod of a piooo of iron 
covered with rottghonod glass* whloh oould bo moved by wans of a eolenold. 
Adequate stirring was provided whan tho solonold switoh wao Tory qulokly closed 
and oponod twioo for each sanplo.   Sxosssive operation of tho switoh eon sod a 
notiooablo ohongo in toaparaturo of tho bath and waa aroidod. 

lho portion of tho apparatua to tho loft of 0 was used for parifioation. 
lho vacuum systoa asod to evacuate this apparatus ooald bo oat off with a aaroary 
out-off, aad all stopoooks woro bohiad a oold trap*   Xha first alataroo worn 
froparod la a purl float ion and cample tabo having only ono purification chamber 

B) oa tho loft*   A rubber • topper was plaood in tho tubo at I and tho apparatua 
was evacuated and flawed intermittently for two hours*   •itrogea was then bled 
late tho entire systoa* and allowed to pass through it at a rate of several al. 
per alaute after the rubber stopper was roao ved aad during tho filling procedure i 
in addition a "dry box" containing an atmosphere of dry nitrogen was plaood 
around the apparatus*   The aniline and then tho eyolohoxane were introduced into 
ohaaber B by the uee of calibrated aioro-pipots*   The nitrogen wao then turned 
off* a stopper was inserted la the tabo at B, aad the dry box removed.   The 
mixture was Immediately froson with liquid air to prevent loss of tho ayolohoxaae, 
the purifying ohaaber eoalod at M aad tho system evaoaatod* 

After evaoaatlon the mixture was melted to let dissolved gas ssoape* refrosen 
with liquid air* and evaouatod.    This melting, free slag* sad pumping procedure 
was repeated two more tines.    With tho vacuum system out off* tho mixture was 
distilled from purification ohaaber B to tho sample ohaaber C, whioh was oooled 
with dry ioo-aoetone.   As ioe-aloohol bath was ussd on ohaaber B to prevent too 
rapid distillation i it had to be removed, however* before the aniline would 
distill*   The mixture in tho sample tube* 0, wao melted twioo* aad oaoh time 
refroesn with liquid air and pumped off at 10"* am* Eg*   With tho mixture frosoa 
the sample tube wao then coaled off at oonstrlotlen 0. 

In later eamploo and for repurification of earlier samples, the apparatus 
ussd was as ahowi in Fig* 1.    The procedure was the seas exoept that frsshly 
ignited OaO waa put into purification chambers A end B and tho tubo ssalod off 
at L prior to tho initial pumping aad intermittent flaming.    Tho distillation 
was from B to A to 0.   Tho liquid mixture remained in ooutaot with tho OaO of 
each ohaaber for at least two hours*   Tho liquid air was kept on the reoeiviag 
ohaaber for approximately thirty minutes after the CaO in tho distilling ohaaber 
appeared to bo dry to Insure oomplsts transfer of ths mixture.    The distilling 
ohaaber was not heated as this might have drivea off sons of the water taken up 
by tho CaO*   After the cample tube had been removed the purification chambers 
woro heated to ess whsthsr say liquid oould be driven off and the oolor of the 
liquid was noted.    Should any aniline have been left in the CaO the liquid would 
bo dark red since air had boon let into the vaouum systsm*   Vothing was obssrved 
other then very saall quantities of moisture, exoept that in four of the mixtures, 
generality in early etages of the purifioation, a very slight reddish-brown 
ooloration was noted.    The amount of material involved wee peroeptible but 
believed not aoasureable* 
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Furifioation of tht samples oould be continued by attaching the aasple 
tube at X (fig* 1) to a new purification apparatus of the typs of Pig, 1,   9M 
Uttor mo thin oloeed, evacuated, and flaaodi thou the brook goal ot J woo 
broken by oa iron pollot enoloeed in glass, tho material tranaferred by die- 
tiiiatisa in vacuum to tho new purification apperaiua, and tho purification 
preooaa oatriad oa ao before. 

Pressure fcaeureaoata.   Whoa tho samples were sufficiently purified, end 
aftor the aaaauronoata oa tho traaoitioa taaporaturaa *ere ooapleted, two of 
tho aaaple taboo oould bo aoalad at Z to tho two oado of a differential aeaoaarber, 
Tho difforoatial manometer nao than oarafully filled with the manometer fluid* 
aloaad off, outgaoood and evacuated.   With tho oyolohexane-eniline mixtures 
frown out tho brook aaalo ware apoaod,   la warning up the Mixture* it waa neoee- 
aary te take oaro not to drive tho menoaater fluid out of tho aaaontor tuba, 
though trope were provided to oatah the manometer fluid ia oaoo of aooident. 
In all oaooa except the firet one, the aanoaater wee provided with break aaala 
to permit further repurifioation of tho mixtures if deelrabla. 

The aaaoaatar fluid uaed waa polyothyloaoglyool, it baiag tho boot of 
ooToral tooted.    It did not dleeolve the eyolohexane, but after a long period 
did appear to raaot with the aniline, turning yellow ia oo doing.   The vapor 
proooure of aniline waa T9ry email under tho oonditione of our experimente, 
and there waa ouffioloat tim to sake tho measurements required before oay re- 
action took plooo.    It waa rather abviouo whoa roaation had oeourred, beoauoe 
of difficulty in obtaining equilibrium ia making the preaaure aeaeareanataj la 
any event, tho appearance of tho ye Hew oolor nerved ae a warning.    The poly- 
ethylene glyool that waa uood wao pumped on tho vacuum ayataa for a week with a 
hot-air blower keeping ito toaperature around 78*,    The laat three day a af 
thia punplng Jbm preoauro waa laaa than 10"* an, Bg, 

A ooale taken from a broken BaOkaaan theraoaeter wao plaood behind tho 
nanometer, and the height of the liquid in the two arao waa read on it with a 
teleeoope,   Tho eaalleat diviaiono oa the aaala ware 0,8716 mm, apart, aad, 
using poiyothyleneglyool, doaoity 1,12 g, per ml.* were equivalent to 0,0606 
am. Eg, 

Thermostat,    The thermostat used waa oopable of being regulated ae oloooly 
ao the toaperature oould bo read with a Beoknann theraoaeter, end the temperature 
oould bo ohoagod as slowly or oa rapidly ao desired.    The water wae rigorously 
stirred to avoid toaperature gradients.    The temperature waa naaaured by tww 
Beoknann therw>n»iera whioh had been ol.eokod against a themomstor standardised 
at the Bureau of Standards• 

Transition Temperatures and Belated Obaervatloaa 

Transition Temperatures.    For the experimtnta in olooed tubes the eleven 

mixtures of Table I wore prepared.   When theae were first plaood in the tubes 

the transition temperatures shown aa blaok olrolee in Pig* 2 were obtained.    Their 

extreme irregularity indioatss that some impurity was introduoed in making the 

mixtures, alnoa tho oame aniline and oyolohexane was used in all oases.    This 

L 
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Compositions and Transition Temperatures 

Killimolet walline 

6.89 

8.56 

6,41 

6,66 

6,68 

6,97 

7,20 

7,43 

7,78 

8,06 

8,68 

Molt fraction 

A 

0,8966 

,414 

,416 

,486 

•48S 

,4368 

.444 

,462 

.462 

,472 

,488 

Aniline 

B 

0,598 

.416 

•419 

•4275 

•436 

.489 

,447 

.466 

.466 

•476 

.491 

Transition Temperature *0 

Cooling Betting 

29,68 

29.6lB 

29.62B 

29.68 

29.6S 

29,68 

29,68 

29.68 

29.65 

29,61 

29.57 

29.61 

29.62 

29,68 

29.68 

29.63 

29.68 

29.63 

Hot* i   To the number of millimoles of aniline given was added in eaoh oatt 

8.04 millimoles of cyolohexene.   Whan oorraotad for distillation of oyolohexane 

into tht apao* (approximately 7 ml. in all tubes) between tha liquid and tat break 

•oal this be earns 9,00 millimoles, (Wing mole fraotlon, oolumn A, to be used for 

ooexlitenoe ourvo msaeuremsnts.   When oorreoted for diitillation into the spaoe 

(approximately 23 ml in all tub**) between liquid and manomstrio fluid this be- 

oame 8,90 aillimolee giving mole fraotlons, oolumn B, to be used for pressure-dif- 

ferenoe measurements.    The vapor pressure of all mixture* was approximately 113 mm 

Eg at 30"C| variation with temperature (about ZtS% in 6*) oan be negleoted.    Partial 

preeture of aniline is negligible. 

i 
• 
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0.414 tuple) ft whitish oast appeared,    (Tht 0,595g tad 0.486 aueplea did net 

ahow thie blue-whit* optlesesaoe),    Tht ttirrtr ttuld atlll bt tttn very dearly, 

but at tht temperature waa dttrtattd ttlll further a diatinet vary intense 

white cloudiness appeared quite auddenly aad tht ttirrtr was at longer viaibie, 

Thit ooourrtd in all tht mixturea txoept in tht 0,598$ aad 0,488 taaplat (in tht 

0.414 temple It waa oontidtrably lttt lattatt)*    It fiat believed that tht oloudi« 

atit was otueed by tht intimate diaptralta aad Intermingling of tiny troplote of 

two dlttlnot phases, tad to whtn thit oloudiattt wat prtttat tht temperature of 

itt tpptaraaot waa talota at tht traatitloa point.    In tht oatt of tht six "eriti- 

oal adxturtt" whott transition point waa 88.88* tht man 1 sous did not appaar until 

tht temperature wat 0,018 lower,    Tht nanitout of tht 0,416 mixture apptartd at 

the tame ttaptrtturt tt tht nanitout of tht oritioal aixturt a.    la tht oatt of 

tht 0.414 aixturt tht nanitout apptartd 0,008* btlow tht onttt of the oloudinest, 

tad tintt thit oloudiattt wat not at dtatt and had a difftraat appaaraaot than 

in tht oast of tht oritioal mixturea, tht tppttraaot of tha aaaitous waa aaauaad 

to give tht transition taaparaturt. 

Tha ehangaa appaartd in essentially tht sams way and at tha aaaa temperatures, 

but in revtrat order, if tht adxturtt wtrt htattd slowly instead of bting oooltd. 

BthtTlor of tht Manlaoua.    In tht 0,486 and probably in tht 0.472 adxturtt 

(ooluan A, Table I) tht aaaiatut dltappaarad out of tht ttp of tht tube on 

heating, while in the 0.595s* the 0,414, and possible the 0,416 mixture It seemed 

to disappear at the bottom, though in tha letter eases it waa rather diffieult 

to observe btoautt of the atirrer rooting on the bottom of the tube.    In the 

six "oritioal mixtures" the aaaiaoua tttmad to diatpptar in the oenter of the 

tube.    Some meaourtmtata of relative height of the aeslaouo (i.e., height of tha 

atniaout divided by the total height of the liquid oolunn) were made at varioua 

ttmptraturta.    The results for some of the mixtures are shown in Pig, 5,    In 

interpreting these mBaauramante, eapeoially for the three mixturea lea*t rioh 

in aniline, the effeot of the atirrer reating on the bottom,  and oooupyiag a 
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considerable fraction of the eroet Motion of tho tube, oust bo borm in alod. 

These measurements were oil aodo on mixtures la tholr final ototo of purler 

oxoopt for the 0,425 and 0.478 samples, whose transition temperatures changed 

only by 0,005* and 0,05* on furthor purification.   Kxtrapolationo (brofeon linos) 

were oarrlad to the observed transit!^ polnta of mixtures in tho aetual otato 

of purification used, and art aotually merely guesses baaod on gonaral obser- 

vations. 

Conclusions and Dioouaolon.   Tho oonoluoloa that we have draft) from thooo 

observations io that tha ooaxiotonoo ourve has a flat, horliontal portion on 

tha top, axtondlnc approximately ovor tho range of oonoontrationo, of tho cix 

mlxturee we haw oallad oritioal mixtures.    Thio lo based not merely en tho 

results shewn in Table I, but principally upon tho foot that when tho temperature 

of the thermostat mas lowered at tho rate of 0,01* per hour tho extreme cloudi- 

ness whioh me believed marked tho transition appeared, as nearly as could be 

judged, simultaneously in all six of these tubesj also tho meniscus appeared 

simultaneous in all of them, as well as in the 0,416 mixture.   On the basis of 

these observations me believed that me could state unoquivooally that tho transi- 

tion temperature was the same for all six "oritioal mixtures" within 0,005**15'. 

Our oonolusion that these ore all oritioal mixtures has been questioned by 

Timer**', because he has shown that a smooth ourro of the form 

T0 - T s60 (X» - X")? 

where X* end X* are the mole fraotione of aniline of the two phases coexisting 

at the temperature T, passes through our six oritioal points within 0,005* and 

oomss nearly as clooe to our other points.    He therefore states that within 

limits of error, our ourve is a smooth ourve, of the same type, end with Tory 

nearly the earns quantitative oharaoteristios as the ourre ueed by Guggenheim'3) 

for the liquid-vapor equilibrium of one-oomponent systems, and the curve ueed by 

Zimm"1' to fit his own data on the porfluoromethyloyolohexane-oarbon tetra- 

ohlorlde system* 



It is, of oourss, and always will be, impossible to prove experimsntally 

'teat a given ourvs is a true straight lino over any portico of lta length.   Ha 

•ay oall attention to the qualitative faot that our six "orltioal mixtures" do 

appear to be orltioal baoause the msnieous disappeara within the body of the 

liquid.   However, if, as we suppose, the true transition temperature is 0,016* 

higher, this nay not be oonTinoing evidence.    The state of extreme oloudiness 

appeare to be characteristic of the orltioal mixtures, whi*h nay be significant* 

However,  it did appear in at least one non-oritioal mixture, the one with 0.472 

aniline mole fraction, but this sanple is a little hard to sonperet it was (the 

only one) not observed simultaneously ii*h the others in ita final state of 

purity. 

Oa the other hand, wa wish to point out one pertinent faot.    The obser- 

vations were repeated several tines, with the tubes In different positions in 

the raok in the thermostat.    If there had been any systematic differences of 

as much as 0.005* or even 0,002* we believe that we would have deteoted the a. 

^his seems to be oonfirnsd by the faot that the transition temperature of the 

0,416 mixture was definitely lower than that of the six orltioal mixtures,    Y»t 

when it was attached to the differential manometer along with the 0,462 mixture 

(whioh beoame the 0.466 mixture) and beo%ae the 0.419 mixture, the tubes now 

underwent their transitions simultaneously at 29*68*,    Thus ths 0,416 mixture 

appeared to have beoons a orltioal mixture, and this snail ohangs was deteoted. 

We therefore believe that the evidenoe does favor the oonolusion that there is 

a range of orltioal mixtures. 

Furthermore, we may point out that there is actually a considerable dif- 

ference between our results and those of Zimm,    Zinn finds that the orltioal 

mixture for the perfluororothyloyolohexane-oarbon tetraehloride system has a 

volume frmotion of carbon tetraohloride of 0,561.    Mixtures with volume fractions 

H 
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of 6*681 and 0*671 have a transition temperature O.OOT* lower,   *hii range 

of ocnoen tret lone is quite oomparable to our "orltlotl" rang**   Sim did not 

taks precautions to axoluda dieaolved air and atmoapherio nelatura.   While 

it ia quit* peoaiblo that hla ayatem was not aa sensitive aa oara to treoea 

of moisture,  our raaulta suggest that hla work ought to bt repeated with pre- 

oautlona eimilar to thoaa we ueed.    This night raault In a flattening of his 

ourra, 

Raaulta of Vapor Preaaure Msasurosnnte 

Dlfferenoe e in vapor praaaura batman pair a of mixture a* anilina nola 

fractions shown in paranthaaaa In Table XI* mars naaaurad by tha aathod daaoribad 

•bore.    Two of thaw paira involved oritioal mixtures,1 in tha othar oaaaa tha 

mixtures were outside tha oritioal ranga*    Tha praaauraa shown in Tabla II ara 

tha vapor praaaura of tha othar phaaa.    Tha praaaura unit ia 0,0606 nau Kg 

(aaa above* aaotion on "Praaaura Haaiurananti"). 

Care waa hand in making thaaa naaaurannnta to eee that equilibrium had 

baan attained by waiting until tha measurements ramined oonatant for at laaat 

fir* ninutes (in later runs, for tan minutes), 

When the two mixtures of a pair both ahow two liquid layers, the preaaure 

dlfferenoe between thera should* of oouree, be aero,    However,  it waa almost 

always found* that there waa a small reaidual preaaure dlfferenoe under these 

conditions.    Aa long as the temperature waa low enough ao that there ware two 

layers in both tubes* however* this dlfferenoe remained almost oonatant* and 

it decreased only a little if the mixtures were frosen out with liquid air*    It* 

therefore* appeared to be permanent gas, undoubtedly driven off from the glass 

in sealing it off from the vaouum system, even though the glaas waa flamed 

before these seals were olosed.    This residual pressure* whiah ia recorded in 

Table II as the "Correction" was aubtraotod from the aotual preaaure dlfferenoe 
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Table XI 

Preieure DiffOrenoeo 
as ifainrtd on the Polyethylene Olyool Hanomtter 

Pair I Pair 11 Pair XIX Pair XV 

&             *««p» (0.398 and 0,491) (0.416 and 0.476) (0,419 and 0.466) (0.4275 and 0.447) 

1          #0 Heating Cooling Boating Cooling Boating Cooling Boating Cooling 

•                26,88 0.0 0.1« 
I                27.88 0.0 0,0 0.0 -0.1* 0,0* 
1                 28*88 -0.1 0.0 0.0 o.ob i_ 0.0* 
1                 29.38 0.0 0.0« 0.0* 0,0* 

29.68 0.0 .- 
T\                29.63 0.0 0.1 0.1 0.1 0.0 0.0 0.0 0.0 

29.73 0.1 0.1 0.0 0.0 0.0 
| !                 29.88 0.3 0*3 0.3 0.2 0,1 0.0 0.1 
1                 50.13 0.6 0.7 0.4 0.4 0.2 0.2 0.1 0.1 

30.38 0.6 0.9 0,5 0,6 0,2 0.3 0,2 0.2 
30.63 1.1 1.2 0.6 0,6 0.4 0.4 0.3 0.3 
30.68 1.3 1.3 0.8 0.8 0.4 0.6 0.3 
31.13 1.6 1.7 1.0 1.0 0.7 0.7 0,4 0.4 
31.63 2.3 2.4 1,5 1.2 1*0 1.1 0.6 0.6 
32.13 2.8 2*8 1.8 1.7 1.2 1.2 0.8 0.7 
32.63 3.4 3.4 2.2 2.2 1.4 1.7 0.9 
33.13 4.0 4.1 2.8 2.8 1.7 1.9 1.0 1.0 

3                  33.63 4.9 6,0 3,4 3.4 1.9 2.2 1.2 1.2 
34.13 6.9 6.0 4.0 4.2 2.2 2.5 1.4 1.6 

p                  34.63 7.2 4.6 4.8 2.4 3.1 1.6 
*                   38.13 8.9 6.7 3.3 3.5 1.7 

Oor- 
#                 rootion 10.0 10.0 0.0 0,0 7.7 7.6 9.0 9.0 

^Temperature, 28.40* ^Temperature, 26.60" 
^Temperature, 29.30* .Temperature, 26.63* 
•Temperature, 28.63*     Temperature, 29.08* 

-Te rape re ture, 
Temperature, 

29.30* 
27.63* 

Motei    In the ease of Pair III readlnge were alao made at some 
intermediate temperaturea, at followst 

Temp. 
Beating 
Cooling 

29.62 
0.0 

29.68 
0.0 

29.83 
0.0 
0.0 

29.93 
0.2 
0.1 

30.03 
0,2 
0.2 

30.33 
0.2 

Temp. 
Boating ' 
Cooling 

30.43 
0.3 

30.63 
0.3 

30,73 
0.4 

31.03 
0.6 

31.23 
0.8 

31.38 
0,6 
0.8 
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readings to get the values shown la Table XX«    la ant MM, the oerreotlon 

Hind to have ohanged very elightly batmtn tho readings which were node with 

rising tad with falling teaseratares, 

Ztt Vlg* 4, wo •how tho average slope, A p/A *, of the vapor pressure curves, 

for the toapsreturee above 29,68,   Boro /\p U tho oorreoted pressure difference 

«o given la Table II, tad ^Xii tho dlfforoaoo la ao'io freotlons of aniline, 

for exaaple, 0,491 - 0,59$ • 0,093 for Pair X*   These pressure dlfforoaMO have 

booa averaged for rising wad foiling temperatures whoro both readings are available, 

tad have booa oonverted to aw Kg,   to additional oorrootlea hao aloo booa node. 

Tho oorreotione ohown la Table XX, oiiting froa inert goo pressures, should not 

bo constant with temperature, but should bo proportloaal to obooluto temperature, 

T,    This woo not token Into Aooount la Table XX*   8laoe the oheago In the oor- 

rootioa lo proportloaal to T - T0 and A l/A* le alee approxiaetsly proportloaal 

to T - T0, the porooatogo oheago oeuMd la AF/A* will bo approximately oon- 

oteat.    To take this effoot into aoo^jnt the reaulte, ae Mlwlated directly 

froa Table II, hare booa further anltiplied by tho following footoret   Pair I, 

0*97} Pair II, l.OOi Pair III, 0.96i Pair IT, 0*90* 

Xa the oooe of Polro X ead XT the reaulte shorn la Tablo II are tho Mooad 

Mto of readings obtained.    In the other eim all the data are ah own.    Xa tho 

MM of Pair XT there was an unusually large amount of inert gae In tho first 

trial, so the oorreotion was inordinately large*    Therefore, the alzturos were 

fresen out rith liquid air, evacuated through the sasrgenoy break-Mais above 

tho two sides of the manometer, aad ths tubas roMaled Just below tho break-Male, 

fheflrst runs on Pair X were the first ones mdo, and they eeeaed to be rather 

irregular, though the pressure dlfferenoes whan heating and when cooling agreed 

fairly well.    The values of/\p/^Xw« only about 0,76 to 0,9 (in tho first 

degree above the transition tsmpsrature, where the ratio is naturally muoh less 



* aoou'rate, 0,8 to 0,7) as great M thow shown la fig* 4, ohloh were obtains* 

after repurifioatioo*.   The MUM for this disorepenoy if not known, eepeolaUy 

•   Is no break-ssals hod boon pro Tided above tho aoaoastor ira la thie oeee, 
o tpooial preoedure hod to bo uoed to ottoOh tho repurifiootion opparotae* 
oo oo to latreduoo o sdalaaa of aolsture,   tho ropttrlfiootloo c»r fused OoO 
then proooodod oo usual. 

oo tho repurifiootion eaueed no change in tho transition temperatures, but no 

fool that tho values given la Tiblo II oad Fig, 4, obtained oftor sor* familiarity 

with tho proooduro woo attained, are tho moot reliable, oad thoy oortoia fit la 

bettor with tho othor pairs, 

Conolusloao.   Proa Fig, 4 wo ocaolodo thot If thoro io o rogioa above the 

oritieol tonporoturo for whioh A. p/ Q X is sore It auot tithor llo within 

0,2* or 0,5* of tho transition toapeiature or auot bo oonfiaod to o narrow ran go 

of oonoentrations.    Ihore is no evideaoe for any suoh rogioa,    lho values of 

A?/ &* *" **• oritloal rogien ars oortoialy oxtroaoly caall, ooneidering thot 

tho total vapor prooouro lo over 100 aa, but Ap/Az boglao to doriato from 

sero, howoror slightly* at tho oritloal teapereture oad inoroasos approxlamtoly 

linoarly with toaporoturo from thot point on.   Within tho Halts of error, tho 

exporlaontal results sesa to agree with the thoorotiool prediotions of Wee, 

but aoro work along those lines lo undoubtedly desirable* 
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